Functional improvement needed in remodeling projects is determined by users in a complex manner since remodeling projects require performance improvement against deterioration. This study defines fundamental Remodeling Performance Criteria (RPC) for apartment housing by referring to performance criteria of both domestic and international performance-related systems. In this case study, performance evaluation of Construction Element Method (CEM) for remodeling projects was conducted based on RPC. For the objective evaluation of CEM, performance scores were calculated and normalized by using the Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) model, which is used in a multicriteria decision-making method. The TOPSIS evaluation model allows for a comprehensive and comparative analysis on the performance of the remodeling solution. The TOPSIS model in this study suggests a standard logic of performance evaluation for aged buildings as it analyzes the degree of deterioration at the prior remodeling phase and predicts the performance improvement level for CEM at the remodeling planning phase.
Introduction
Recently, as the domestic housing supply rate is reaching over 100% nationally, demand for remodeling related to functional improvement has been increasing due to the deterioration of existing apartment housing which was built earlier [1] . Regardless of whether new construction or remodeling is carried out, the users' requirements are determined with functional improvement in a specific manner.
The international standardization of building performance is currently in progress and is being led by the International Organization for Standardization (ISO).
In Japan, a study has been conducted to establish both the Evaluation Index of Performance (EIP) of building elements and an accreditation system for remodeling housing components [2] .
Users' requests should be clearly defined since they are continually made and changed in all phases of a building life cycle, including planning, design, construction, maintenance, and destruction phases [3] . Therefore, a review of housing performance should be conducted according to the users' criteria, which are physical, psychological, physiological, and so forth [4] .
In Korea, despite the availability of a design guide for housing performance that has been recommended by the Ministry of Land, Transport and Maritime Affairs, it has not been effectively utilized for the evaluation of CEM.
In the case of remodeling projects, in particular, studies on the performance evaluation of building elements have not been sufficiently performed. The study of EIP should be carried out as a priority in order to facilitate the continuous development of construction techniques in remodeling and to induce the extension of a building life cycle.
Constructability in remodeling projects is regarded as an important criterion for performance evaluation due to the structural constraints of remodeling. Constructability can be defined as the degree of ease in the measurement of the degree of difficulty for construction works [5] . Construction methods for remodeling are classified according to techniques for addition, component relocation, additional installation, exchange, layout change, and scale change [6] . Constructability is evaluated in order to select the most effective method through the comprehensive measurement of safety, environmental feasibility, and economic feasibility in the construction phases. The basic procedures for remodeling projects are shown in Figure 1 .
In this study, the fundamental criterion for the performance evaluation of domestic apartment housing is redetermined to ensure successful quality in remodeling projects.
Furthermore, an evaluation method of CEM is proposed by using the Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) model, which is a multicriteria decision-making method based on various attributes. TOP-SIS is continuously redefined and extended so that it handles multiple extreme criteria (PIS: positive ideal solution; NIS: negative ideal solution), by which a decision maker can provide more than one pair of extreme points [7] . The Ordered Weighted Averaging (OWA) operator was suggested to solve the problem of multiple extreme criteria in TOPSIS [7] .
The standardized score of the performance evaluation using TOPSIS can be effectively utilized in comparative analysis between different design solutions. In addition, extreme criteria PIS and NIS in TOPSIS are well coped with multicriteria decision related problems in construction performance evaluation. Many other kinds of methods in a multicriteria decision analysis (MCDA) or a multiattribute utility theory (MAUT) require complex ways: they usually combine other theories, such as fuzzy environment, analytic hierarchy process (AHP), and OWA. These approaches have limitations when applied in industrial engineering. The TOP-SIS model will be an extremely simple method in performance evaluation in this study. A performance property in CEM must have only one pair of extreme criteria points. CEM has multiple performances that can be classified into one pair of extreme criteria by generating the other performance item. Figure 2 below presents a concept diagram regarding 1 : 1 relationship between function and performance for CEM evaluation.
Therefore, the TOPSIS evaluation model can be easily used as a user's decision-making tool because it analyzes the degree of deterioration and measures the performance improvement level for remodeling CEM. The performance definition in this study was cited from a master's thesis [1] .
Methods and Scopes
The original purpose of building structures is regarded as being achieved when the performance of a certain construction method is sufficiently obtained compared to the performance criteria of certain elements of building structures.
The contents of this study are described in the following procedures for quality evaluation of CEM for remodeling:
(1) Existing studies on the definition of performance criteria and quality evaluation of CEM were investigated.
(2) Problems found in CEM evaluation for remodeling were analyzed.
(3) Various items of performance criteria were determined through the analysis of international and domestic systems related to housing performance and the requirements were reorganized to match the domestic status of remodeling the apartment housing.
(4) An EIP for each requirement was set to the relevant regulations.
(5) An evaluation method for remodeling constructability was proposed, considering the concept of constructability used in new construction works.
(6) The feasibility of this study was proposed through case analysis.
Literature Review
Studies on the performance criteria of apartment housing have been continuously conducted since the late 1990s and the "Study on Development of Performance Grade Indication System for Remodeling of Deteriorated Apartment Housing [8] " was recently conducted. In addition, studies on the quality evaluation of product performance are being conducted in various fields of Architecture, Engineering, and Construction (AEC). The findings obtained through the investigation of the existing studies are described by dividing them into "the definition of performance criteria" and "the method of quality evaluation of CEM."
Studies on the Definition of Performance
Criteria. Housing Research Institute (HRI) has conducted numerous studies related to housing performance including the "Analysis and Prevention Countermeasure for Major Defect of Apartment Houses [9] ," "Performance Guideline for Dry Construction Type-Heating Panel System of Apartment Houses [10] ," "The Establishment of the Thermal Performance Standard of Exterior Windows in the Extended Balcony [11] ," and "Customizing Remodeling Items for Deterioration Apartment Houses [12] ." The Ministry of Construction & Transportation published "Checklist of Design Criteria of Building Structures in Consideration of Remodeling [13] " and "Safety Inspection Manual for Housing Reconstruction Projects (2003) ." In regard to green energy saving policies, the Ministry of Land, Transport and Maritime Affairs has been gradually reinforcing the performance criteria with the introduction of energy saving design criteria for building structures since 2009. Korea Institute of Construction Technology (KICT) conducted the studies entitled "Study on Apartment Housing Performance Grade Indication System [4] ," "Development of Performance Insurance System in Construction New Technology [14] ," "Study on Strategy for Development of Apartment Housing Performance Grade Indication System [15] ," "Study on Establishment of Guideline for Construction of General Building Structures (RC Structures) Preparing for Remodeling," and "Study on Development of Performance Grade Indication System for Remodeling of Deteriorated Apartment Housing [8] ."
In addition, a study provided an acoustic performance for life in apartments [16] . All these studies have proposed the physical criteria required for housing performance evaluation and expanded enough to include the coping strategies like the warranty for defects in apartment housing.
Researches on the Evaluation of Element Technique.
Researches were made on a multicriteria decision-making method in Value Engineering (VE) evaluation using the TOPSIS model [17] . A study was performed for quality evaluation on design solutions based on performance criteria by utilizing House of Quality (HOQ) technique of Quality Function Deployment (QFD) [18] .
Singhaputtangkul et al. proposed a QFD-based knowledge management system for building envelopes [19] . Li et al. suggested another QFD-based knowledge management system combining itself with a fuzzy-TOPSIS that is used in a multicriteria decision-making method [20] .
Despite the sustained studies on QFD till present, the focus of the reviews on its literatures has been made on the difficulties in the utilization of QFD in quality plans and benchmarking [21] . One of the findings is that the majority, up to 80%, of the methodological difficulties are related to the stage of elaborating quality matrix such as "interpreting the customer's voice" [22] . Another finding is that reducing the methodological difficulties in developing the quality matrix is a key factor in encouraging and expanding the use of QFD [21] .
A study was conducted to see quality evaluation by using the AHP technique as a MCDA method to select appropriate building exterior materials [23] . Lee and Chun [24] utilized a FDD/IWDM method for the evaluation of alternatives. A feature of the FDD/IWDM method is to evaluate the relative priorities of multirequirement functions. Lee and Chun [25, 26] also focused on the design change and proposed a quantitative assessment method for alternative designs from the perspectives of cost, performance, and constructability. Cho [27] evaluated technologies to ensure green performance of apartment houses. Lee et al. [28] evaluated constructability items in terms of limitations to improve in the insulation performance on remodeling projects. Yin et al. proposed a decision support framework for building renovation strategies [29] . Yau suggested a multicriteria decision-making method for homeowners' participation in building maintenance [30] . Zhang and Lei studied environmental multiassessment for renovating residential buildings [31] , adopting the principles of environmental efficiency in proposing an assessment framework for existing residential buildings that simultaneously reflects functionality and sustainability. The study demonstrated that the proposed framework provided useful information for prioritizing critical renovation issues, leading to notable improvements in functionality and sustainability.
Due to the word limit in this study, many other further studies on MCDA have been omitted.
Problems in Evaluation System for CEM
In order to evaluate the performance of CEM, the users' required functions should be systematically determined. The performance is related to the functions, performance targeting, and an evaluation scale.
Designers and engineers can easily obtain the title, adoption field, adopted building elements, the major effects of CEM, and the characteristics of CEM from the summaries of the technique information. The basic specifications to see the performance of CEM can be given by including representative plans or images in the introduction information. However, it does not present the suitable outcomes as the evaluation of the CEM about the adoption into building elements based on the Requirement Performance Criteria (RPC). Even though information on the original performance of CEM has been additionally proven, the information usually includes the experimental evaluation obtained from an on-site test.
The objective evaluation of CEM and the comparison of performance between different construction element techniques are extremely difficult since the current performance evaluation system is not required to use any standard performance grade. Moreover, items for the evaluation of constructability are not specifically proposed in CEM evaluation. Figure 3 presents a case of CEM information on the remodeling of a domestic building structure proposed by a certification institute.
TOPSIS
The Value Engineering (VE) technique is generally used in the manufacturing industry as a method of determining the ways to realize the function more economically by reviewing the function of materials systematically. In the VE technique, the total score for the function is calculated by using a weighted value and the evaluation grade of the function.
The TOPSIS technique, used as a multicriteria decisionmaking method, is able to analyze a preference by considering the positive ideal solution and negative ideal solution simultaneously. The TOPSIS method was originally proposed by Hwang and Yoon [32] to identify solutions from a finite set of alternatives. The detailed traditional TOPSIS solution can be found in Li et al. [20] .
The VE technique evaluates the quality based on both the evaluation of each item for multiple functions and the total summed scores for a product evaluation. On the other hand, the TOPSIS method analyzes the product preference by considering the multiple properties of a product. Currently, a preference refers to the score obtained from the quality evaluation of a product and its ranges are distributed between 0 and 1. The quality is assumed to improve as the preference score approaches closer to 1.
Although both the VE technique and the TOPSIS method allow quality comparison amongst multiple alternatives, their evaluation methods differ. The VE technique generally specifies 3 or 5 grades for the evaluation of function while the TOPSIS method performs evaluation based on the distance after setting a positive ideal solution and a negative ideal solution. For the TOPSIS evaluation, the product quality value is divided by the total distance scale and then normalized in the ranges between 0 and 1. Hence, the value score calculated by the distance based the TOPSIS model can be generally used for making a decision in the AEC industry.
The preference value of TOPSIS allows comparison evaluation to be made among multiple alternatives and can be reused by many users as knowledge-based information.
In the TOPSIS evaluation model, the weighted value of the performance property is determined by the user. The performance property defines the evaluation criteria based on the positive ideal solution (PIS) and the negative ideal solution (NIS). Every single performance property must possess a PIS and a NIS; these two criteria neither contradict nor conflict with each other in terms of function description. In other words, every performance property has one PIS and one NIS, respectively. Therefore, the TOPSIS evaluation model will result in an objective evaluation on CEM purely due to performance measurement.
The procedures of TOPSIS can be expressed in the following steps.
Step 1. Calculate the normalized decision matrix. The normalized value is calculated as = max ( ) ( = 1, . . . , = 1, . . . , ) .
In this study, the value was normalized to the absolute values rather than the relative values of the TOPSIS model.
Step 2. Calculate the weighted normalized decision matrix. The weight is defined by a 10-point scale priority:
where is the weight of the th criterion. The total sum of in the original TOPSIS theory is 1. However, a user's subjective decision is always in priority involved for performance in all cases; thus, the user weighting definition is required to be as simple as possible. Extensive numbers of methodology and researches on the weighting approach have been conducted. Calculation of the weight is out of the range of this study. The 10-point scale priority is applied for the TOPSIS weight in this study in order to allow a reflection of a user's intuitive decision.
Step 3. Define the positive ideal solution (PIS) and negative ideal solution (NIS) as
where, for benefit criterion, Mathematical Problems in Engineering
and, for cost criterion,
Step 4. Calculate the distances of each alternative from both PIS and NIS using the following equations, respectively:
where dis(V − V + ) is the distance between the rating of alternative and PIS on the th criterion and dis(V − V − ) is the distance between the rating of alternative and NIS on the th criterion.
Step 5. Calculate the relative closeness to the ideal solution.
The relative closeness of alternative with respect to + is defined as
According to the relative closeness degree , the ranking order of all alternatives can be determined. Any alternative with the highest is the most desirable alternative.
In this study, values from the TOPSIS model are in the ranges between 0 and 1; the solution is classified as a higher performance as values approach closer to 1.
Analysis of Performance Requirements
In this section, the original performance of CEM for remodeling is defined by analyzing the domestic and international performance evaluation systems to improve the performance of the building structures.
Analysis of the Domestic Performance Evaluation System.
The domestic Housing Performance Grading Indication System was introduced in the 2005 Housing Act in order to provide accurate information for consumers and improve the quality of housing. This system has been made compulsory for apartment housing with 1,000 or more households since 2008; it includes items comprising 20 categories that belong to 5 sections, including noise, structure, energy environment, living environment, and firefighting. The Housing Performance Grading Indication System helps consumers to choose the housing type with the desired performance when planning or purchasing, since the system provides easy indication of housing performance together with standard grades and performance values.
Analysis on the International Performance Evaluation System.
Housing Quality Indicator (HQI) of United Kingdom as an index used for evaluation of housing quality was designed to evaluate the quality of housing by assigning scores for characteristics of not only inside the housing but also outside the housing. The original purpose of the HQI evaluation system was to evaluate the quality of new construction apartment housing. However, it has been used for evaluation of housing quality with extensive ranges intending for public/private deteriorated housing of which revision was done.
HQI is composed of 10 indices including approximately 340 detailed Evaluation Indices of Performance (EIP) of quality in 3 major items including location, design, and performance. Furthermore, it is unique that the IPE can be adjusted to satisfy new environment or various social requirements with those 340 detailed HQI indices.
The Housing Performance Grading Indication System in Japan was designed based on the "Housing Quality Secure Facilitation Law." This system aims to promote the organization to systematically seek for the solutions for defect disputes related to housing and to support the market conditions that help consumers to safely purchase their houses. The primary content of the system is about a 10-year compulsory term to guarantee against the housing defects. Housing performance evaluation items are composed of 9 subcategories with 28 detailed items.
Quality Association (Association Qualitel) is a public service cooperation established by the Minister of Housing of the French government in 1974. The Qualitel Label System which was initiated in 1986 provides users with the outcomes of performance evaluation of building structures. At the time of its establishment, it aimed for the evaluation of design in new construction housing. The Qualitel Label is composed of 7 evaluation items and determines whether the design holds certain labels of quality [33] . In each item, the scores from 1 to 5 are given and the Qualitel Label is assigned when the score is 3 or more for all items.
Analysis Outcomes.
Requirement performance criteria must be first defined in order to exchange and to repair building elements to achieve a certain level of housing performance. This is because an environment enables the user to select the appropriate CEM with the standard performance.
As a result of the comparison on the domestic and international performance evaluation systems, many similarities between the items were observed in terms of performance subjects, such as (1) durability and safety, (2) habitability and sanitation, (3) maintainability, (4) eco-friendliness, (5) energy saving, (6) aesthetic aspects, and (7) consideration for elderly people. However, the domestic performance evaluation system was shown to be insufficient in the detailed evaluation for the consideration of elderly people, crime prevention, energy saving, and aesthetic aspects compared to those of the international performance evaluation system. Therefore, the performance items of remodeling that would cope with the domestic system were defined by referring to the items of the international performance evaluation in Table 1 . 
Evaluation Index of Performance (EIP)
In this section, detailed requirements and the Evaluation Index of Performance (EIP) will be established based on the defined performance items for remodeling that were proposed in Section 6. EIP is equivalent to the existing performance criteria used for newly constructed buildings. It is used to ensure the performance prior to remodeling as well as the performance after remodeling. Users can confirm and compare the degree of improvement in performance achieved in the subject building structures by using EIP. EIP is applied differently for each CEM according to the characteristics regarding the diverse levels of the performance including durability, variability, noise protection function, solar protection, fire protection, and firefighting. EIP measurements are categorized either by criteria grading or by certain performance presence. In case of grading the criteria, grading is assigned according to the grades from 3 to 5. In case of the binary type, two types are assigned as true (value: 1) or false (value: 0). A grading scale is applied to the TOPSIS model after standardization in the ranges between 0 and 1 since the RPC is not standardized in the same scale. Table 2 shows a list of detailed requirements and EIP for remodeling. The contents of EIP are carefully described in the study performed by Lee [1] and the study entitled "Study on Development of Performance Grade Indication System for Remodeling of Deteriorated Apartment Housing" by KICT [8] .
Constructability is considered in order to minimize the issues that may occur in the construction phases such as economic feasibility, safety, environmental feasibility, and space-workability. In this study, the Evaluation Index for Constructability (EIC) was established by combining the constructability items that are generally applied for new construction work, which is shown in Table 3 . The details of EIC are described in the study performed by Lee [1] .
Case Analysis
Remodeling is composed of "nonchangeable elements" and "improvable elements." Nonchangeable elements which include a floor-to-ceiling height limit and a core position because the majority of apartment housing have wall type structure. Some examples of improvable elements are replacement of sanitary pipelines, change of shaft layout, change of access doors, and so forth. In this case study, design alternatives which are to be improved are selected in consideration of the remodeling constraints when new pipelines are installed in an aged bathroom space. The degree of performance improvement will be measured using the TOPSIS model by comparing respective design solutions before and after remodeling of the aged bathroom.
The shaft layout prior to the remodeling had a structure constraint that did not allow regular inspection. The structure is subjected to change in order to allow regular inspection with reshaping of the shaft. In the existing deteriorated space in the apartment housing, a noise occurs since a sewage pipeline is installed in the ceiling where the down surface of the floor of the upstairs household is. Getting a sewage pipeline buried in the bathroom floor with the additional 80 mm thick flooring is planned as the first alternative method for troubleshooting. For the second alternative method, the noise will be completely blocked by getting both sewage and waste water pipelines buried in a noise-proof wall.
The status prior to the remodeling, summary of the applied CEM, and performance evaluation of the applied CEM were reorganized by referring to EIP for remodeling, which are shown in Tables 4 and 5 . Figure 4 presents the analyzed data obtained from the performance evaluation on the applied TOPSIS model. In the case study, the performance improvement before remodeling and after the application of the CEM was analyzed for the bathroom space. The weight of EIP was defined by the user's subjective needs. The weight is different in all projects in terms of user's requirements. In the case study, 10-point scale priority was applied. The weight was obtained by 3 users in average since performance evaluation differs by user's determination on the weight. EIP (2.01) and EIP (4.03) have the same performance property with each different function description. However, these outcomes of EIP have different extreme criteria (PIS: true; NIS: false). Alternatives A and B show the contradicting performance evaluation score by the different criteria.
The composite performance of alternative A was analyzed as 0.79 and that of alternative B was analyzed as 0.83. In terms of constructability, the performance of alternative A and that of alternative B were evaluated as 0.53 and 0.91, respectively. Alternative B was excellent in both the required performance and the constructability compared to those of alternative A. In future study, total composite value of performance improvement will be possibly calculated if the performance before and after remodeling is compared in one housing project.
Conclusions
Both personal-and national-wide interests in the housing remodeling rather than in the new construction are increasing as a trend. This study selected fundamental RPC for remodeling through research investigation on housing performance for new housing construction in domestic and international housing construction markets. With the increasing demand for remodeling, performance evaluation that is related to functional improvement is expected to facilitate successful management of design and product development. This case study contributes to TOPSIS utilization as a standard method for the performance evaluation on aged apartment housing. Major conclusions of this study are summarized as follows:
(1) Required performance for remodeling of apartment houses was categorized as 8 sections with 56 detailed items. For constructability, 4 sections with 17 detailed items were presented. For the establishment of EIP, domestic related criteria were referred to. (2) The TOPSIS method was used to measure the performance improvement degree on remodeling design solutions before and after remodeling and to present composite performance scores with multiperformance properties, including constructability. (3) PIS and NIS of the TOPSIS method provided objective performance evaluation scores for CEM by defining a unique performance property that can be related to one or more function requirements.
(4) Users' environment of remodeling projects was considered in the TOPSIS evaluation since it allowed the users to decide the weight for performance.
(5) Research on standardization of remodeling EIP is required since EIP varies by each research institution.
For future study, it is recommended to make an elaborated survey on the industrial utilization and verification of users' objectivity evaluation through the comparison with the existing performance evaluation methods such as VE and QFD.
